INTRODUCTION
============

Swine industry has mostly focused on improving productivity of pork in respect to quantity and distribution of fresh meat, which has entailed a decline in quality of pork loin ([@b3-ajas-28-11-1545]; [@b6-ajas-28-11-1545]). In Korea, fresh pork is in great demand as it is widely consumed roasted or boiled. Basically, consumer perception of meat quality is an important selection criterion for the purchase of meat. However, varying degrees in meat quality decreases reliability and challenges consumers in making good pork purchases ([@b15-ajas-28-11-1545]). Therefore, to overcome this problem, industries have developed a system to improve traits accounting for meat quality to satisfy the consumer demand for the highest quality of pork ([@b19-ajas-28-11-1545]).

Among various pig breeds, color breeds are typically known to have higher marbling scores than white breeds. In Japan, the price of Berkshire meat is 50% higher than that of regular commercial pork ([@b8-ajas-28-11-1545]). In Korea, Berkshire pork is also sold as premium meat in the market ([@b9-ajas-28-11-1545]). The preference for black pig meat is partly attributed to consumers' increasing demand for high quality pork. However, insufficient supply is an obstacle to increased consumption at present. Such rise in consumer expectation has ultimately triggered vigorous genetics-based research in Berkshires to improve breeding and management skills for enhanced pork productivity and quality ([@b14-ajas-28-11-1545]; [@b20-ajas-28-11-1545]; [@b28-ajas-28-11-1545]; [@b16-ajas-28-11-1545]).

Porcine v-myelocytomatosis viral oncogene homologue (*MYC*) gene, encoding the c-MYC protein, consists of 3 exons and 2,464 base pairs and is located on chromosome 4. The c-MYC protein is considered as an important transcriptional regulatory factor during cytogenesis and the gene expression of *MYC* gene is reported to be associated with several physiological processes that involve hormones, growth factors, cytokines, lymphokines, nutritional status, development, differentiation etc ([@b21-ajas-28-11-1545]). Also, its function has been associated with myogenesis ([@b25-ajas-28-11-1545]; [@b33-ajas-28-11-1545]), muscle hyperplasia ([@b18-ajas-28-11-1545]), and adipogenesis ([@b12-ajas-28-11-1545]; [@b26-ajas-28-11-1545]; [@b23-ajas-28-11-1545]). Our previous study indicated that a non-synonymous SNP of porcine *MYC* gene might be associated with a few economic traits such as age at 90 kg. However, to our knowledge there is no previous study that has studied the relationship between porcine *MYC* gene polymporphism and meat quality traits in pigs. Therefore, in this study, we identified a Berkshire breed specific single nucleotide polymporphism and investigated the polymorphism of c*-MYC* gene with meat quality traits in Berkshire pigs

MATERIALS AND METHODS
=====================

Animals and DNA isolation
-------------------------

First, to detect breed-specific variations in the *MYC* gene, 20 blood samples from each of four types of purebred pigs in Korea -- Berkshire, Duroc, Landrace, and Yorkshire -- were collected in anticoagulant containing vacutainers. Genomic DNA was isolated from the blood samples using the G-DEX IIb Genomic DNA Extraction Kit (IntronBio Inc., Seoul, Korea).

To measure meat quality traits studied in this study, muscle samples were obtained from 378 Berkshire carcasses (138 sows, 240 boars) shipped from a slaughter house located in Namwon city of Chonbuk province, Republic of Korea. Genomic DNA was extracted from muscle samples using the same extraction kit mentioned above. All procedures were followed according to the manufacturer's instructions.

Primer design and polymerase chain reaction
-------------------------------------------

The DNA sequence of porcine *MYC* gene was retrieved from NCBI database (accession number: NC_010446.4). As shown in [Table 1](#t1-ajas-28-11-1545){ref-type="table"}, Primer 3 program (<http://frodo.wi.mit.edu/primer3/>) was used to design 8 primer sets (P1-P8) for full length sequencing of the *MYC* gene by polymerase chain reaction (PCR).

The PCR reaction mixture was composed of 1.5 μL of genomic DNA (25 ng), 0.2 pmole of forward and reverse primers, 200 nM of dNTP, 2. 5 unit of Taq polymerase, and 1× reaction buffer of 10 mM of Tris-HCl (pH 9.0), 50 mM of KCl, 1.4 mM of MgCl~2~ and 1% of Triton X-100 with a total volume of 20 μL. The thermal cycling condition of the mixture included denaturation at 94ºC for 5 min, and 35 cycles of PCR amplification conducted for 30 s at different annealing temperatures for each primer set ([Table 1](#t1-ajas-28-11-1545){ref-type="table"}) with primer extension at 72ºC for 40 s. Final extension was performed at 72ºC for 5 min. Electrophoresis of the amplified products was conducted on 1.5% agarose gels stained with ethidium bromide (EtBr).

Sequencing and genotyping
-------------------------

Twenty DNA samples pooled from each of the four breeds (Berkshire, Duroc, Landrace, and Yorkshire) were sequenced using the BigDye Terminator v3.1 Cycle Sequencing Kits (Applied Biosystems, Foster City, CA, USA) and the ABI 3130 Genetic Analyzer (Applied Biosystems, USA). The genotyped sequences were subject to peak and alignment analyses using the SeqMan 7.0 program (DNASTAR, Madison, WI, USA) to detect polymorphism in the gene and determine breed-specificity.

To determine genotypes from Berkshire-specific polymorphism that was detected in the earlier step ([Table 2](#t2-ajas-28-11-1545){ref-type="table"}), polymerase chain reaction-restriction length polymorphism (PCR-RFLP) analysis was performed on genomic DNA from muscle samples amplified by PCR. The amplified products of PCR (2 μL) were treated with 1 unit of *HhaI* restriction enzyme, 1 μL of 10× restriction enzyme buffer and sterilized distilled water, giving a total volume of 10 μL. After digestion reactions took place for restriction enzyme-specific temperature and time, the DNA fragments were separated on 1.5% agarose gel in 1× TAE buffer containing EtBr for genotyping.

Meat quality measurement
------------------------

After slaughter, a section of loin at the 10th rib of the carcass was taken to assess meat quality based on the four meat quality traits -- pH/color, drip loss, cooking loss, and shear force.

### pH/color

Change in pH and color of carcass at 45 min and 24 h postmortem were measured with a pH meter (Model 720, Thermo Orion, Pittsburgh, PA, USA) and a Chromameter (CR-300, Minolta Camera Co, Osaka, Japan) respectively. The Commission Internationale de l'Eclairage (CIE) L\* values were read from the measurement.

### Drip loss

A section of size-standardized loin was cut from 24 h postmortem carcass and weighed. After measuring its weight, the samples were suspended in inflated polyethylene bags and stored at 2ºC for 48 h and reweighed. Drip loss was calculated and expressed as the percent change in weight.

### Cooking loss

After cutting size-standardized section of loin samples from 24 h postmortem carcass, the samples were sealed in suspended polyethylene bags and immersed in a heated water bath until internal temperature was 72ºC. Cooking loss was measured and expressed as the percentage of initial sample weight.

### Shear force

Upon heating the pork loin at 72ºC, a cylindrical shearing device (1.27 cm in diameter) was used to collect samples (parallel to muscle fiber orientation). Following the sample collection, a measuring tool (SeriesIX, Instron Corp, Norwood, MA, USA) was used to measure the maximum force (N) required to cut the cylindrical samples (perpendicular to the long axis).

Statistical analysis
--------------------

SAS 9.1 (SAS, USA) program was used to estimate the genotype effect of *MYC* gene on meat quality traits by general linear model procedure. The least significance difference test was implemented to determine significance between mean values. The model used in this study to estimate the genotype effect on the traits is as follows:
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Where,

1.  Y~ijkl~ = the observation of the each trait

2.  μ = the overall mean of the each trait

3.  Sex~i~ = i^th^ effect of sex (i = male, female)

4.  Age~j~ = j^th^ effect of age at slaughter

5.  S~k~ = k^th^ effect of sire

6.  G~l~ = l^th^ effect of genotype

7.  e~ijklm~ = random residual error

RESULTS AND DISCUSSION
======================

Detection of Berkshire-specific polymorphism
--------------------------------------------

Porcine *MYC* sequences were retrieved from the NCBI database (accession number: NC_0104464.4). The *MYC* gene is located on chromosome 4 comprising three exons and 2,464 base pairs with coding regions of 1,359 bp, and 5′ untranslated region (UTR) and 3′ UTR at lengths of 591 bp and 514 bp respectively. Full length sequencing of *MYC* gene was performed for pooled DNAs from each four pig breeds (Berkshire, Duroc, Landrace, Yorkshire) commonly bred in Korea by using eight primer sets (P1-P8; [Table 1](#t1-ajas-28-11-1545){ref-type="table"}). When compared with the *MYC* SNPs deposited in dbSNP (<http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?geneId=448810>), sequencing results showed that the g.3350G\>C polymorphism in the intron 2 of porcine *MYC* gene was found only in Berkshire pigs, but not in other breeds (Duroc, Landrace, and Yorkshire, [Table 2](#t2-ajas-28-11-1545){ref-type="table"}).

Genotyping of the *MYC* g.3350G\>C SNP in Berkshire
---------------------------------------------------

Once the polymorphic site (g.3350G\>C) was detected in the *MYC* gene and identified to be Berkshire-specific, genotyping was carried out using the genomic DNA of muscle samples of Berkshire. Genotypes were determined with PCR-RFLP using *Hha*I restriction enzyme ([Table 2](#t2-ajas-28-11-1545){ref-type="table"}). Digestion of PCR product with *Hha*I restriction enzyme yields two fragments with 480 bp and 201 bp respectively for allelotype G, whereas for allelotype C one fragment with 681 bp is produced ([Figure 1](#f1-ajas-28-11-1545){ref-type="fig"}). Allele frequencies of GG, GC, and CC genotypes of 378 Berkshire pigs were 0.399, 0.508, and 0.093 respectively ([Table 3](#t3-ajas-28-11-1545){ref-type="table"}).

Association between the *MYC* g.3350G\>C SNP and meat quality traits
--------------------------------------------------------------------

The meat quality measurements obtained from 378 Berkshire pigs in this study are shown in [Table 4](#t4-ajas-28-11-1545){ref-type="table"}. Although the muscle samples used for this study were obtained from 138 sows and 240 boars, a significant difference between sexes was not observed across the meat quality traits. The pH of muscle, which affects freshness of meat due to postmortem metabolism, was 6.07±0.30 at 45 min and 5.79±0.22 at 24 h postmortem respectively. Meat color which was evaluated for lightness (L\*), redness (a\*), and yellowness (b\*), was based on CIE LAB. Lightness (L\*) was 50.49±3.00, redness (a\*) was 16.36±1.16, and yellowness was 5.28±1.19 respectively. As for the water-holding capacity of meat, drip loss was 2.51±2.20 and cooking loss was 16.79±3.99. Shear force was 2.66±0.69. Based on the results concerning meat quality traits, the g.3350G\>C SNP effect was significant for pH~45min~ and cooking loss ([Table 5](#t5-ajas-28-11-1545){ref-type="table"}, p\<0.05). Berkshire pigs with the homozygous genotype C had the highest pH~45min~ and smallest cooking loss ([Table 5](#t5-ajas-28-11-1545){ref-type="table"}). Except two traits, the g.3350G\>C SNP had no effects on other trait including pH~24~ h, meat colors and drip loss, and shear force ([Table 5](#t5-ajas-28-11-1545){ref-type="table"}, p\>0.05). There are several physical and chemical factors known to affect pork quality ([@b32-ajas-28-11-1545]). A previous study reported that postmortem pH in muscle and meat quality characteristics correlated ([@b13-ajas-28-11-1545]). According to [@b15-ajas-28-11-1545], pH~45\ min~ and pH~24\ h~ were positively correlated whereas both were negatively correlated with drip loss and shear force in Berkshire pigs.

Porcine *MYC* gene was mapped on SSC4 (Reiner et al., 1998; [@b4-ajas-28-11-1545]), where particularly major quantitative trait locus regions for backfat at tenth rib ([@b22-ajas-28-11-1545]; [@b11-ajas-28-11-1545]) and average daily gain ([@b10-ajas-28-11-1545]) reside. Porcine chromosome SSC 4p13 contains a synteny group, with F13B, ATP1B1, GBA, ATP1A1, IVL, and two microsatellites S0001, S0067 ([@b1-ajas-28-11-1545]; [@b24-ajas-28-11-1545]).

Given the fact that MYC plays a role in the cellular processes as a molecular hub that receives multiple signals and integates them, either negatively or positively, to control other sets of genes. Thus, MYC has not only as a single function, but also a multitude of different categories of cellular functions ([@b29-ajas-28-11-1545]). In this regard, MYC expression that is regulated by external cellular stimulus including hormones, growth factors, cytokines, lymphokines, nutritional status, development and differentiation ([@b21-ajas-28-11-1545]), is connected to various physiological processes. More specifically, MYC is involved in myogenesis ([@b25-ajas-28-11-1545]; [@b33-ajas-28-11-1545]), muscle hyperplasia ([@b18-ajas-28-11-1545]) and adipogenesis ([@b26-ajas-28-11-1545]; [@b23-ajas-28-11-1545]), hence the proto-oncogene could be a candidate gene contributing to variability of fatness in pigs. In addition, previous study has suggested the influence of *MYC* gene expression on glucose metabolism ([@b7-ajas-28-11-1545]), whereby lactic acid production from glycolysis reaction might have an effect on the pH of meat.

Significant difference was also noted between GG, CG, and CC genotypes at pH~45min~, with measurements of 5.96±0.04, 5.97±0.04, and 6.13±0.07 respectively ([Table 5](#t5-ajas-28-11-1545){ref-type="table"}). Muscle pH is an important economic factor that is associated with water-holding capacity of muscle's, which in turn has a marked influence on the appearance of meat ([@b2-ajas-28-11-1545]). According to [@b15-ajas-28-11-1545], pH~45min~ and pH~24min~ were positively correlated whereas both were negatively correlated with drip loss and shear force in Berkshire pigs. Previous studies have suggested the influence of *MYC* gene on glucose metabolism ([@b7-ajas-28-11-1545]), whereby lactic acid production from glycolysis reaction has an effect on the pH of meat. Because pH~45min~ was significantly higher in the animals with CC genotype of g.3350G\>C polymorphism than the levels in the animals having other genotypes in this study, it is suggested that this genotype may play an influential role in improving pork quality.

Muscle structure could (or may) be affected by heat technique, composition of meat, and degree of heating meat. Heating of meat contracts muscle fibers that can cause decrease in water-holding capacity and cooking loss irrespective to the method of heating ([@b5-ajas-28-11-1545]). High cooking loss is associated with poor meat quality ([@b31-ajas-28-11-1545]) and is reported that the higher the marbling score is, the lower the cooking loss ([@b17-ajas-28-11-1545]). Therefore, low cooking loss is regarded as a favorable trait of meat quality. Significant difference in genetic effect of GG, CG, and CC genotypes was identified with respect to loss, with measurements 16.38±0.63, 15.48±0.84, and 15.50±0.67 respectively ([Table 5](#t5-ajas-28-11-1545){ref-type="table"}).

CONCLUSION
==========

The current study detected Berkshire-specific polymorphism in porcine *MYC* gene (g.3350G\>C). The polymorphic site was significantly associated with pH and cooking loss, which are known to have high economic value due to their influence on the characteristic of meat quality. The polymorphism detected from this study may be of considerable value as baseline data for research grounded in molecular genetics to improve meat quality of Berkshire breed. It is anticipated that further studies will lead to improved breeding and management strategies directed toward the production of higher quality meat in the future.
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###### 

Primer sets for sequencing of porcine *MYC* gene

  Primer set   Binding region   Primer sequence              Product size (bp)   Annealing temperature (ºC)
  ------------ ---------------- ---------------------------- ------------------- ----------------------------
  P1           5′UTR            5′-GGTTTTCTGGGCTTTCTCTG-3′   710                 59
                                5′-CAAAAACAACCAACCCCTCT-3′                       
  P2           Exon 1           5′-TCTTCTTGCTACCGCTTTCA-3′   840                 60
                                5′-GGGTAGCAGCTGTTCTGGA-3′                        
  P3           Exon 1           5′-TTATTGACTCGGGGGAAAAC-3′   749                 58
                                5′-CACACTTGGTGAACCACCTC-3′                       
  P4           Intron 1         5′-GGCGTTTGGCAGATTGTAT-3′    845                 59
                                5′-GTAGGAGGCCAGCTTCTCTG-3′                       
  P5           Exon 2           5′-TGAACCAGAGCTTCATCTGC-3′   811                 60
                                5′-AAGGGAGGCAATTCATTCAC-3′                       
  P6           Intron 2         5′-CGCTCCCTCTTACCCTTCTT-3′   677                 60
                                5′-ACCCTGGCACAGAGTTATCC-3′                       
  P7           Exon 3           5′-GAAGAAGGGCACAGGTGATT-3′   885                 60
                                5′-ACTGGATCATGCATTCGAGA-3′                       
  P8           Exon 3           5′-CGGAACTCTTGCCCATAAAT-3′   726                 60
                                5′-TTAAGGCCCAGACCCATTAG-3′                       
  RP1          Intron 2         5′-CAGTTGTCCCTGCCTTTTCT-3′   681                 60
                                5′-CATTCCCAGCACCTCCTATT-3′                       

UTR, untranslated transcriptional region.

###### 

Information of PCR-RFLP for polymorphic site of c-*MYC* gene in Berkshire

  Primer set   Region     Position   Polymorphic site   Restriction enzyme   SNP ID[a](#tfn3-ajas-28-11-1545){ref-type="table-fn"}
  ------------ ---------- ---------- ------------------ -------------------- -------------------------------------------------------
  RP1          Intron 2   3350       G\>C               *Hha*I               rs321898326

PCR-RFLP, polymerase chain reaction-restriction length polymorphism; c-MYC, v-myelocytomatosis viral oncogene homologue; SNP, single nucleotide polymorphism.

SNP ID is followed by dbSNP (<http://www.ncbi.nlm.nih.gov/snp>).

###### 

Genotype and allele frequencies of polymorphic site of *MYC* gene in Berkshire

  Polymorphic site   Genotype   No. of animals   H~OB~           Alleles   Allele frequency   HWE (*x*^2^, p-value)
  ------------------ ---------- ---------------- ------- ------- --------- ------------------ -----------------------
  g.3350G\>C         GG         151              0.399   0.427   G         0.653              
                     GC         192              0.508   0.453                                0.018
                     CC         35               0.093   0.120   C         0.347              

H~OB~, observed heterozygosity; H~EX~, expected heterozygosity; HWE, Hardy-Weinberg Equilibrium; *x*2, chi-square test.

###### 

Means and standard deviations for meat quality measurements in Berkshire

  Trait               Female (n = 138)   Male (n = 240)   Total (n = 378)
  ------------------- ------------------ ---------------- -----------------
  Muscle pH~45min~    6.11±0.30          6.03±0.29        6.07±0.30
  Muscle pH~24h~      5.76±0.19          5.81±0.25        5.79±0.22
  Lightness (L\*)     50.30±2.81         50.64±3.16       50.49±3.01
  Radness (a\*)       16.47±1.15         16.26±1.16       16.36±1.16
  Yellowness (b\*)    5.34±1.18          5.22±1.20        5.28±1.19
  Drip loss (%)       3.69±2.24          3.36±2.16        2.51±2.20
  Cooking loss (kg)   17.35±3.89         16.34±4.03       16.79±3.99
  Shear force (N)     2.85±0.80          2.50±0.55        2.66±0.69

###### 

Association analyses between the polymorphisms and individual traits in Berkshire

  Traits              g.3350G\>C                                                                                                              
  ------------------- ----------------------------------------------------------- ----------------------------------------------------------- -----------------------------------------------------------
  Muscle pH~45min~    5.96±0.04[b](#tfn5-ajas-28-11-1545){ref-type="table-fn"}    5.97±0.04[b](#tfn5-ajas-28-11-1545){ref-type="table-fn"}    6.13±0.07[a](#tfn5-ajas-28-11-1545){ref-type="table-fn"}
  Muscle pH~24h~      5.79±0.03                                                   5.78±0.03                                                   5.79±0.05
  Lightness (L\*)     50.02±0.34                                                  50.10±0.48                                                  49.61±0.72
  Radness (a\*)       16.17±0.18                                                  16.05±0.18                                                  16.06±0.29
  Yellowness (b\*)    4.86±0.19                                                   4.85±0.19                                                   5.10±0.29
  Drip loss (%)       3.46±0.35                                                   3.33±0.35                                                   3.56±0.52
  Cooking loss (kg)   16.38±0.63[b](#tfn5-ajas-28-11-1545){ref-type="table-fn"}   15.48±0.84[b](#tfn5-ajas-28-11-1545){ref-type="table-fn"}   15.50±0.67[a](#tfn5-ajas-28-11-1545){ref-type="table-fn"}
  Shear force (N)     2.65±0.11                                                   2.56±0.11                                                   2.89±0.16

Means in the same row with different letters are significantly different (p\<0.05).
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